In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 A geodetic datum derived from a general adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of 1929.
Abbreviated water-quality units used in this report:
Chemical concentration and water temperature are given only in metric units. Chemical concentration in water is given in milligrams per liter (mg/L) or micrograms per liter (|Llg/L). Milligrams per liter is a unit expressing the solute mass per unit volume (liter) of water. One thousand micrograms per liter is equivalent to 1 milligram per liter. For concentrations less than 7,000 milligrams per liter, the numerical value is about the same as for concentrations in parts per million. Specific conductance is given in microsiemens per centimeter (US/cm) at 25° C.
INTRODUCTION
The Federal Aviation Administration (FAA) owns and (or) operates airway support and navigational facilities throughout Alaska. At many of these sites, fuels and potentially hazardous materials such as solvents, polychlorinated biphenyls, and pesticides may have been used and (or) disposed of. To determine if environmentally hazardous materials have been spilled or disposed at the sites, the FAA is conducting environmental studies mandated under the Comprehensive Environmental Response, Compensation, and Liability Act and the Resource Conservation and Recovery Act. To complete these more comprehensive environmental studies, the FAA requires information on the hydrology and geology of areas surrounding the sites. This report, the product of compilation, review, and summary of existing hydrologic and geologic data by the U.S. Geological Survey (USGS), in cooperation with the FAA, provides such information for the Bettles Field FAA facility and nearby areas. Also presented in this report is a description of the history, socioeconomics, and physical setting of the Bettles Field/Evansville area.
BACKGROUND Location
Bettles Field is in north-central Alaska at approximate lat 66°55' N., long 15T321 W. (fig. 1 ). The FAA facility is about 290 km northwest of Fairbanks, about 650 km north of Anchorage, and about 40 km north of the Arctic Circle. Bettles Field is on the south bank of the Koyukuk River near the village of Evansville. 
Overview of Environmental and Hydrogeologlc Conditions at Bottles, Alaska
In 1899, during the Koyukuk River gold rush, Gordon Bettles opened a trading post at what is now referred to as "Old Bettles." The site was the northern terminus of barge traffic on the Koyukuk River (Orth, 1967) . In 1943, the Civil Aeronautics Administration (CAA) (predecessor of the FAA) installed and began operating navigational facilities at the original village of Bettles.
In 1945, the U.S. Navy built Bettles Field southwest of Evansville, approximately 8 km east of the original Bettles FAA facility. Bettles Field was operated by the U.S. Navy as a support base for petroleum exploration on the North Slope of Alaska. In 1949, the CAA transferred its facilities from the original Bettles location to the Bettles Field facility and assumed operational responsibility for the airfield. Employment opportunities associated with construction, operation, and maintenance of the new airfield attracted area residents to Evansville, and the original village of Bettles was largely abandoned. Bettles Field was incorporated as a second-class city in 1985. Evansville remains an unincorporated community (Harding Lawson Associates, 1992) . In this report the FAA facilities in the area are referred to as the FAA Bettles Field facility.
Bettles serves as a regional transportation and service center. Access is restricted to air travel during most of the year. During the winter, area residents have access to the State highway system on a 45-km winter trail. The Koyukuk River serves as a regional transportation route during the open-water season and after winter freeze-up (Harding Lawson Associates, 1992) .
In 1990, the population of Bettles Field was 36 residents (Alaska Department of Community and Regional Affairs, 1993). Most Native residents live in the neighboring village of Evansville and are members of Native village and regional corporations. The Native population of Evansville is the principal group in the area engaged in subsistence activities such as hunting moose, caribou, and waterfowl. Subsistence activities are concentrated during the summer and autumn seasons (Fison and Associates, 1987) .
The FAA Bettles Field facilities include a 1.6-km gravel runway, navigation and communication facilities, and support structures. A detailed description of properties owned, leased, or transferred by the FAA at Bettles Field and a listing of suspected sources of contamination near the facility is in the Environmental Compliance Investigation Report (ECIR) of the FAA facilities at Bettles Field prepared by Harding Lawson Associates (1992).
PHYSICAL SETTING

Climate
Bettles Field is in the continental climate zone (Hartman and Johnson, 1978) and has large diurnal and seasonal temperature variations. Low precipitation, clear skies, and low humidity are typical in the winter; thunderstorms are common in the summer. The mean annual temperature is -5.8°C, but temperatures range from a July mean maximum of 20.5°C to a January mean minimum of -29.1°C. Mean annual precipitation is about 340 mm, and the mean annual snowfall amount is about 1,980 mm. The month of greatest rainfall is August, and snowfall typically is greatest during December (Leslie, 1989) . Mean monthly and annual temperature, precipitation, and snowfall are summarized in table 1. (Viereck and Little, 1972) . The closed spruce-hardwood forests grow on south-facing slopes near the Koyukuk River and in areas that have well-drained soils. They are characterized by white and black spruce, paper birch, aspen, and balsam poplar. Open, lowgrowing spruce forests, characterized by widely spaced mature white spruce, black spruce, tamarack, paper birch, balsam poplar, and aspen with willow undergrowth, occur on north-facing slopes and in the river valley lowlands. Treeless bogs contain sedge and grass species and local areas of willows, alders, and birch.
Geology
The FAA Bettles Field facility is near the northeastern margin of the Koyukuk drainage basin, just south of the boundary between the Rocky Mountain System and the Intermontane Plateaus physiographic divisions as identified by Wahrhaftig (1965) . The area is separated from the Brooks Range to the north by a major east-trending fault. Bedrock consists of an interbedded volcanic graywacke and mudstone sequence of Late Lower Cretaceous age, which is exposed in the Alatna Hills to the west and the Jack White Range to the east (Patton and Miller, 1973) . Depth to bedrock in the vicinity of the FAA facility is unknown.
The facility is near the southern limit of Pleistocene glaciation by Brooks Range glaciers. The surficial geology is characterized by alluvial and glacial-fluvial sediments of Quaternary age in the Koyukuk River Valley and surrounding lowlands (Pe'we', 1975) . Discontinuous permafrost occurs in the alluvial sediments of the Koyukuk River Valley and may be absent in close proximity to large water bodies (Ferrians, 1965) .
Soils at the FAA Bettles Field facility are classified as inceptisols, a soil order that includes immature soils that exhibit only minor modification of the parent material. Permafrost-bearing soils are included in this soil order (Rieger and others, 1979) . Lowland soils surrounding the FAA Bettles Field facility are derived from the silty alluvium and loess of the Koyukuk River Valley. A thick, peaty surface mat is present above a 25-to 50-cm-thick saturated active layer. Freezing and thawing of the active layer produces an irregular land surface. Where present, the underlying permafrost is usually ice rich. Similar soils are found on the neighboring uplands but are usually more gravelly and loamy in texture than are their lowland equivalents. In these upland soils, the active layer is generally greater than 100 cm.
HYDROLOGY Surface Water
The major surface-water feature near the FAA Bettles Field facility is the Koyukuk River. It flows to the west and southwest to its confluence with the Yukon River at the village of Koyukuk, approximately 260 km downstream. Nearby tributaries of the Koyukuk River are the John River and the Wild River ( fig. 1 ). The John River flows into the Koyukuk River about 6 km downstream from the facility. The Wild River joins the Koyukuk River approximately 3 km upstream. An unnamed lake that has a surface area of approximately 60 hectares is about 3 km south-southeast of the FAA facility.
Streamflow data are not available for the Koyukuk River nor for its upstream tributaries near Bettles Field. However, the average annual discharge and low-flow discharge can be estimated using equations developed to characterize the streamflow of rivers and streams in interior Alaska (T. P. Brabets, U.S. Geological Survey, written commun., 1995). These equations use drainage basin area and mean annual precipitation within the drainage basin to estimate streamflow. The area of the Koyukuk River drainage basin above Bettles Field, determined from inspection of the USGS hydrologic unit map for Alaska (U.S. Geological Survey, 1987), is approximately 11,300 km2 (4,350 mi2). The mean annual precipitation in the drainage basin, determined by inspection of the map showing mean annual precipitation for Alaska and conterminous basins of Canada (Jones and Fahl, 1994, plate 2) , is approximately 66 cm (26 in.). Using these values, the average annual discharge of the Koyukuk River at Bettles Field is estimated to be approximately 160 m /s. The standard error of prediction, following conversion from the logarithmic units used in the regression analysis, is 29 percent (Jones and Fahl, 1994) .
March is considered to be the period of low streamflow in interior Alaska. The estimated lowflow discharge for an interior Alaska river or stream is calculated by: = 0.132(AREA)°-977
Using this equation, the average low-flow discharge for the Koyukuk River at Bettles is estimated to be about 13 m3/s. The paucity of winter streamflow data for interior Alaska rivers and streams, and conversion from logarithmic units result in a standard predictive error for low-flow determination of 92 percent.
Floods
Flood data for the FAA Bettles Field facility are not available. The U.S. Army Corps of Engineers (1993) rates the flood hazard at the neighboring village of Evansville as low, and no flooding of the village has been reported. Consequently, flood protection measures have not been implemented in the area.
The National Weather Service has maintained riverbank river-stage markers at Evansville since July 1969 (Paul Meyer, National Weather Service, oral commun., 1995) . Flood stage, which is based on an arbitrary datum, is defined as 10.1 m. On August 28, 1994, heavy rainfall resulted in a record high stage of 7.4 m. This event correlated with record high discharges at three USGS stream-gaging stations in the Koyukuk River drainage basin: stream-gaging station 15564877 on Wiseman Creek at Wiseman, stream-gaging station 15564875 on the Middle Fork of the Koyukuk River near Wiseman (both about 95 km upstream from the FAA Bettles Field facility), and streamgaging station 15564900 on the Koyukuk River at Hughes (about 140 km downstream from the FAA facility). The resulting floods at these sites were subsequently determined to have a recurrence interval of 100 years or more (B.B. Bigelow, USGS, oral commun., 1995). Consequently, the record high stage observed at Evansville in late August 1994, is considered to be the equivalent of a 100-year flood at the FAA Bettles Field facility. Low areas north of Bettles Field were reportedly inundated during this flood, but floodwater did not reach the FAA facility. Other high stages of about 6.2 m were observed at Evansville during the spring in 1989 and 1993 as the result of snowmelt runoff (Paul Meyer, National Weather Service, oral commun., 1995) .
River stage and river discharge have not been correlated for the Koyukuk River near the FAA Bettles Field facility. Consequently, flood magnitude and frequency estimates based upon regression analysis of stream discharge and drainage basin characteristics were not made. The lack of significant flooding at the FAA facilities during the record high-stage 1994 flood indicates that the FAA Bettles Field facility is not subject to flooding during floods with peak stages of 7.4 m or less. Ice-jam floods have not been a significant threat at the FAA facility.
Ground Water
The FAA Bettles Field facility is in the zone of discontinuous permafrost and riverbank sediments along major rivers are often unfrozen because of the warming effect of the river water (Ferrians, 1965; Smith, 1986) . The presence of permafrost in alluvium can influence the groundwater flow regime, but definitive permafrost information is lacking for the FAA Bettles Field facility. The well schedule for the Bettles Roadhouse water well (appendix 1) is annotated with conflicting information about the presence of permafrost. This well is adjacent to the FAA Bettles Field facility but is not an FAA-owned well. The well schedules for other wells drilled at the facility make no reference to permafrost or to related drilling problems (appendix 1).
The water-table elevation in wells supplying the FAA Settles Field facility is reported to fluctuate seasonally and with the stage of the nearby Koyukuk River (Raiding Lawson Associates, 1992), approximately 0.5 km north of the facility. Harding Lawson Associates (1992) reports that water-table depth appears to vary from about 4 m to about 12m below the ground surface and that it is shallowest during late summer. However, in the absence of continuous river-stage and watertable elevation data and of definitive information about the aquifer characteristics, the nature of the local hydrogeologic system and the significance of bank storage effect are difficult to define. Inasmuch as the water table tends to mirror topography, the local water-table surface probably is of very low relief with a northwesterly flow direction. If the water-table elevation fluctuates with river stage, the direction of ground-water flow may shift to the west and southwest following highstage events. Consequently, ground-water flow direction may be highly variable and a contaminant plume might migrate in an unpredictable manner. This effect might be most pronounced in the upper part of the aquifer if it is relatively thick. The nature of the local ground-water system might be further complicated by impermeable permafrost barriers if permafrost is present in the vicinity of the facility.
DRINKING WATER Present Drinking-Water Supplies
Drinking water for the FAA Bettles Field facility is obtained from several FAA-owned wells that supply individual structures or groups of buildings. Approximately seven wells have been drilled at the facility since 1962, and at least one is no longer in service (Harding Lawson Associates, 1992) . Four wells drilled in 1962 were completed in coarse gravel aquifers at depths of 11 to 12 m. At the time of completion, the water-table depth in the four wells was measured between 5.6 m and 7.2 m below ground level. All four wells yielded more than 2 L/s of water with insignificant drawdown during initial pump tests (Arthur J. Lappi, Federal Aviation Administration, written commun., 1962; appendix 1). A graphical well log for the well at the west end of the powerhouse building (Building 603) was reconstructed for this report from the driller's notes ( fig. 2 ) (Arthur J. Lappi, Federal Aviation Administration, written commun., 1962; appendix 1). A well census table is included in appendix 1. Information about wells drilled since 1962 is not available in the USGS records.
Quality of Present Supply
The 10.6-m-deep Quarters well (Well census, appendix 1) was drilled and sampled in 1962. The sampled water contained 0.02 mg/L dissolved iron, 9.4 mg/L silica, and hardness as calcium carbonate of 195 mg/L. A copy of the USGS Water Analysis (Lab. No. 7110), with concentrations reported as parts-per-million, is included in appendix 2.
In 1987, aromatic hydrocarbons were detected in water samples from a privately owned well northeast of the FAA Bettles Field facility (Harding Lawson Associates, 1992) . Consequently, the FAA, the Alaska Department of Environmental Conservation, and the Alaska Department of Transportation and Public Facilities initiated a multiyear ground-water-monitoring program to determine if the ground water used at the FAA facility was contaminated by petroleum products. Only one water well was found to be contaminated. The contaminated well, situated near the powerhouse, was abandoned in 1990.
DRINKING WATER 7
Land surface Having an estimated annual average discharge of 160 m /s (160,000 L/s), the Koyukuk River represents an abundant potential source of drinking water for the FA A Betties Field facility. The unnamed lake south of the facility might also be a potential water source if it is deep enough to retain an adequate volume of water beneath the lake ice during the winter. There is no public waterdistribution system at the FA A Betties Field facility or at the neighboring village of Evansville. Use of untapped areas of the alluvial aquifers in the river valley probably represents the best water source should additional or alternative water supplies be required.
Quality of Alternative Sources
The quality of the Middle Fork of the Koyukuk River water was monitored infrequently at USGS stream-gaging station 15564875 near Wiseman during the 1970's. Water-quality analyses available from the USGS records are included in appendix 3. Suspended sediment and dissolvedsolids concentrations appear to vary seasonally, being highest during spring runoff. Sampling was too infrequent, and the analyses were too narrow in scope to determine baseline constituent levels and trends. Microbiological analyses were not conducted (U.S.Geological Survey, 1972 Survey, -75, 1976 .
SUMMARY
The remote location of the FAA Bettles Field facility makes it dependent on air transportation during most of the year. A winter trail allows overland access during the winter months. The facility's potable water supply is obtained from shallow alluvial aquifers. A ground-watermonitoring program is in place because of concerns about possible aquifer contamination by petroleum products. Flood risk at the facility is low. The Koyukuk River and untapped alluvial aquifers are alternative drinking-water sources, but no distribution system exists to utilize these resources. Silica (SiO2 ) Aluminum ( ..
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